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Background. Left ventricular enlargement and the development of chronic heart failure are potent predictors of survival in patients after myocardial infarction. Prospective studies relating progressive ventricular enlargement in individual patients to global and regional cardiac dysfunction and the onset of late chronic heart failure are not available. It was the aim of this study to define the relation between left ventricular dilatation and global and regional cardiac dysfunction and to identify early predictors of enlargement and chronic heart failure in patients after myocardial infarction.
Methods and Results. Left ventricular volumes, regional area shrinkage fraction in 18 predefined sectors (gated single photon emission computed tomography), global ejection fraction, and hemodynamics at rest and during exercise (supine bicycle, 50 W, 4 minutes, Swan-Ganz catheter) were assessed prospectively 4 days, 4 weeks, 6 months, and 1.5 and 3 years after first myocardial infarction. Seventy patients were assigned to groups with progressive, limited, or no dilatation. Patients without dilatation (n=38) maintained normal volumes and hemodynamics until 3 years. With limited dilatation (n= 18), left ventricular volume increased up to 4 weeks after infarction and stabilized thereafter, depressed stroke volume was restored 4 weeks after infarction and then remained stable at rest. Wedge pressure during exercise, however, progressively increased. With progressive dilatation (n = 14), depressed cardiac and stroke indexes were also restored by 4 weeks but progressively deteriorated thereafter. Area shrinkage fraction as an estimate of regional left ventricular function in normokinetic sectors at 4 days gradually deteriorated during 3 years, but hypokinetic and dyskinetic sectors remained unchanged. Global ejection fraction fell after 1.5 years, whereas right atrial pressure, wedge pressure, and systemic vascular resistance increased. By multivariate analysis, ejection fraction and stroke index at 4 days, ventriculographic infarct size, infarct location, and Thrombolysis in Myocardial Infarction trial grade of infarct artery perfusion were significant predictors of progressive ventricular enlargement and chronic dysfunction.
Conclusions. Almost 26% of patients may develop limited left ventricular dilatation within 4 weeks after first infarction, which helps to restore cardiac index and stroke index at rest and to preserve exercise performance and therefore remains compensatory. A somewhat smaller group (20%) develops progressive structural left ventricular dilatation, which is compensatory at first, then progresses to noncompensatory dilatation, and finally results in severe global left ventricular dysfunction. In these patients, depression of global ejection fraction probably results from impairment of function of initially normally contracting myocardium. Early predictors from multivariate analysis allow identification of patients at high risk for progressive left ventricular dilatation and chronic ventricular dysfunction within 4 weeks after acute infarction. (Circulation 1993; 87:755-763) KEY WORDs * dilatation, ventricular * heart failure * hemodynamics * prognosis T he cumulative incidence of heart failure rises in the years after infarction, and its clinical manifestation is associated with an adverse prognosis.' Dilatation of the left ventricle may play an important active role in the development of chronic heart failure,2-8 and left ventricular volume is the most powerful predictor of survival in patients with coronary heart disease. [9] [10] [11] Deterioration of cardiac performance correlates with the degree of dilatation in experimental infarction,3 and left ventricular dilatation precedes deterioration of exercise performance in patients.8 However, the relation of left ventricular dilatation to chronic heart failure is based primarily on indirect evidence and has not been carefully studied in individual patients. Dilatation of infarcted and noninfarcted sections of the left ventricle has been observed. 7 
Regional Wall Motion
Regional left ventricular wall motion was assessed by gated SPECT using area shrinkage fraction in 18 predefined regions of interest of the left ventricle. The difference between end-diastolic and end-systolic area of each region was calculated and expressed as the percentage of end-diastolic area. To define these regions, the 300 right anterior oblique plane of the left ventricle was divided clockwise from 00 to 3600 into 18 equidistant radial sectors originating from the center of gravity. The position of 00 was determined by Fourier analysis as the change from atrial to ventricular phase of contraction. Normal values for wall motion were derived from measurements in 18 patients without cardiac disease. Normokinetic or abnormally contracting segments of patients of the present study were defined as sectors with area shrinkage fraction values within or outside 2 SD of the normal population, respectively. To account for variation in magnitude of normal wall motion in different regions and to allow comparisons between different regions of the same heart and between different hearts, the extent of wall motion abnormality in abnormally contracting segments was standardized by means of a regional area shrinkage fraction score.13 This score relates area shrinkage fraction of sectors with abnormal wall motion (ASFa) to the mean value for this sector (ASF.) and its variability (standard deviation, SDQ) in the normal population: Score= (ASFa-ASFn)/SDn. Area shrinkage fractions and score values of sectors defined as "normokinetic" or "abnormally contracting segments" at 4 days were averaged and followed sequentially until 3 years after infarction in patients with progressive, limited, or no left ventricular dilatation.
Cardiac Catheterization
In all patients, left and right heart catheterization was performed 3-5 weeks after myocardial infarction. The 4 weeks, 6 months, 1.5 years, and 3 years to test for differences between the three study groups. To test for differences in discrete variables, a x2 statistic was applied. Variables were subjected to multivariate discriminant analysis'8 based on the stepwise addition of the variable that contributed the largest increase in the "Rao V"9 value. These computations were performed by the programs of the Statistical Package for the Social Sciences (SPSS Inc., Chicago). Analyzed variables included sex, age, body weight, ventriculographic infarct size, infarct location, TIMI grade of infarct-related artery perfusion, hypertension, diabetes mellitus, drug therapy, coronary bypass surgery, percutaneous coronary angioplasty, ejection fraction, stroke volume index, left ventricular end-diastolic and end-systolic volume index on day 4 and at 4 weeks, and the change of ejection fraction, stroke volume index, left ventricular EDVI and endsystolic volume index from 4 days to 4 weeks after infarction. The factors that had significant but statistically independent relations to the three study groups were then weighted to construct the discriminant function that best maximized the multivariate F ratio and minimized the Wilks' lambda value. Using these weights, it was possible to place each patient along the unidimensional discriminant function by multiplying any factor the patient possessed by the appropriate weight. By Figure 1 .
By definition, left ventricular volume indexes were stable throughout the study in patients with no dilata- Figure  3 ), cardiac index, stroke index, and pulmonary capillary wedge pressure at rest were stable from 4 days until 3 years after infarction. During steady-state exercise, these parameters rose significantly. In the group with limited dilatation (middle panels of Figure 3 ), cardiac index and stroke index at rest rose significantly from 4 days to 4 weeks after infarction. This occurred at stable wedge pressures at rest. After 4 weeks, stroke index and cardiac index remained stable at rest and rose to an extent with exercise, which was similar to in the group without dilatation except for wedge pressure, which rose progressively over time during exercise. In patients with progressive dilatation (upper panels of Figure 3 ), resting cardiac index at 4 days was depressed compared with patients with no dilatation and stroke index at 4 days was depressed compared with patients with no and with limited dilatation. Cardiac index and stroke index improved from 4 days to 4 weeks after infarction at unchanged wedge pressure at rest. With progressive dilatation, cardiac index and stroke index both fell to values similar to those at 4 days and were significantly depressed compared with patients with limited and without dilatation. Wedge pressures were elevated at rest 1.5 and 3 years after infarction, and exercise hemodynamics deteriorated. The ability to augment stroke index during exercise was preserved for 6 months but was lost thereafter; wedge pressures rose to higher levels with each catheterization reassessment. Cardiac index increased significantly during exercise until 3 years. The extent to which cardiac index rose, however, decreased gradually and was generally less than in the groups with limited and without dilatation.
Clinical Events
Except for the development of the New York Heart Association (NYHA) functional class, no differences were observed with regard to clinical events. At 3 years, NYHA class I was registered less and class III more often in patients with progressive dilatation than in the other study groups (Table 2) . Drug Therapy Table 3 shows that nitrates were taken less often in all groups after 3 years compared with 4 improve and pronounced left ventricular dilatation is observed. During exercise, however, the detrimental nature of postinfarction dilatation becomes evident at 4 weeks, when stroke index is reduced and wedge pressure increases compared with patients without dilatation. 
